
The Double Chooz Experiment

In reactor experiments, the determination of 
the θ13 mixing angle is extracted via the 
survival probability of  𝛎𝐞:
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Multi-detector analysis

• 455 days FD (no ND)

• 363 days FD 
• 258 days ND
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Total neutron Capture (TnC)

Small Gd-target (8.3 t) Gd+H+C-target (~30 t)

IBD acceptance criteria widely 

opened to integrate over all 
nuclear capture: H, C and 
Gd

Accidental BG rejected >4 
orders of magnitude with ANN

Excellent data-to-MC 
agreement

The energy-scale uncertainty 
has negligible impact (<0.05%)

Rate (day-1) FD ND

IBD Candidates 112 816

BG Breakdown

Accidental 4.13 ± 0.02 3.110 ± 0.004

Fast Neutron 2.50 ± 0.05 20.85 ± 0.31
9Li isotope 2.62 ± 0.27 14.52 ± 1.48

Stopped 𝜇 <0.19 @ 98% CL <0.21 @ 98% CL

Others (12B, Bi-Po) < 0.01 0.04 ± 0.01

Total

∑ exclusive 9.3 ± 0.3 38.5 ± 1.5

2 reactors off (17 d) 9.8 ± 0.9 39.6 ± 2.5

Signal to BG 11.0 20.0

 𝝂𝒆 are detected via the inverse β decay (IBD) 

• Prompt signal: energy
losses + 𝑒+ anihilation

E(vis)≃ E  𝛎𝐞 - 0.8 MeV

• Delayed signal: neutron 
capture on Gadolinium
(Gd) or Hydrogen (H)
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∑Eγ = 8 MeV

∑Eγ = 2.2 MeV
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Oscillation Fit Results

Ni
exp
= Ni
MC θ13 = 0, ϵdet, a

′, b′, c′  

Eν

1 − sin2(2θ13)sin
2
1.267 Δmee

2 eV2 Lν[m]

Eν[MeV]
+ Ni
BG

Simultaneous comparison of FD and ND observed IBD rate + shape data to non-oscillated flux predictions

𝛘𝟐 = ∑𝐢𝐣(𝐍𝐢
𝐨𝐛𝐬 − 𝐍𝐢

𝐞𝐱𝐩
)𝐌𝐜𝐨𝐯
−𝟏 (𝐍𝐣

𝐨𝐛𝐬 − 𝐍𝐣
𝐞𝐱𝐩
) 𝐓+ Penalty pulls + Reactor off 

𝐬𝐢𝐧𝟐(𝟐𝛉𝟏𝟑) = 𝟎. 𝟏𝟎𝟓 ± 𝟎. 𝟎𝟏𝟒

Parameter Uncertainty Fractional

Reactor flux 0.0081 7.6%

Detection 0.0073 6.8%

Energy 0.0018 1.7%

Background 0.0018 1.7%

Δmee 0.0018 1.7%

Statistics 0.0054 5.0%

Total 0.0141 13.3%

• Distortion effect out of the oscillation range. Interdetector ratio demonstrates the suppression of the 5MeV spectral distortion 
• Excess events in 4 – 6 MeV region  in agreement with flux model
• Empirical fit: negative slope and single or double peak

Spectral distortion

Rate + Shape Fit

• Stability of the θ13 measurement scrutinized and 
demonstrated against the behaviour of the reactor model for 
both the SD and MD configurations

• An increase of a factor greater than 3 of the uncertainty of the 
reference spectrum causes both a more robust θ13 value (<1% 
effect) and alleviation of the χ2 tension

Mean Cross-section Per Fission 𝛔𝐟

• Provides a measure of the total reactor neutrino 
integrated flux per reactor

𝛔𝐟 =
𝐍( 𝛎𝐞)

𝐍𝐩𝛜
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Most precise measurement

Impact of reactor model on 𝛉𝟏𝟑

Reactor 
systematics
(FD-I with no ND)

Detection 
systematics 
(poor proton# GC)

Effective correlation 
uncertainty
= 0.0065
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FD and ND taking 
data simultaneously

~210k IBDs~90k IBDs

https://rdcu.be/b3FE4

